The essential oil from the leaves of Monticalia andicola Turcz., collected in November 2008, was analyzed by GC/MS. A yield of 0.15% oil was obtained by hydrodistillation. Thirty-six components were identified by comparison of their mass spectra with those in the Wiley GC-MS Library data base. The major components were α-pinene (19.6%), β-pinene (10.5%), α-longipinene (6.5%), δ-3-carene (6.2%), cyperene (5.4%) and β-phellandrene (5.2%). The antibacterial activity of the essential oil was evaluated against Gram-positive (Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212) and Gram-negative (Escherichia coli ATCC 25992, Klebsiella pneumoniae ATCC 23357, Pseudomonas aeruginosa ATCC 27853) bacteria, using the disc diffusion agar method. The results showed a broad spectrum of activity with minimal inhibitory concentration (MIC) values ranging from 10 to150 μg/mL.
The family Asteraceae is divided into approximately 1,500 genera and 25,000 species distributed around the world. In Venezuela, about 760 genera and 2,100 species have been found [1] . Several Monticalia species have been studied and a number of pyrrolizidine alkaloids, furanoeremophilano type compounds, isovaleric acid and its derivatives, terpenes, such as friedelin, sitosterol, coumarins and flavonoids (quercetin and rutin), have been reported [2] [3] [4] . Many Monticalia species have been used in traditional medicine as anti-inflammatory agents, to alleviate stomach pain, as a blood tonic, and to promote healing of gastric and duodenal ulcers [5, 6] . However, regarding the essential oil composition and antibacterial activity of M. andicola Turcz., no reports have been found to date, hence the present investigation of this species collected in Mérida,Venezuela.
Essential oil from the aerial parts of M. andicola was analyzed by GC and GC-MS yielding 0.15%, w/v. Thirty-six compounds (representing 92.3% of the total oil) were identified, with α-pinene (19.6%, β-pinene (10.5%), α-longipinene (6.5%), δ-3-carene (6.2%), cyperene (5.4%) and β-phellandrene (5.2%) as the major constituents. A list of the identified components, along with their percentages of the total oil, is given in Table 1 .
The antibacterial activity of the essential oil was evaluated against Gram-positive (Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212) and Gram-negative (Escherichia coli ATCC 25992, Klebsiella pneumonia ATCC 23357, Pseudomonas aeruginosa ATCC 27853) bacteria using the disc diffusion agar method. M. andicola oil showed a broad spectrum of activity, displaying MIC values ranging from 37 to 150 μg/mL for the Grampositive and 10 to 150 μg/mL for the Gram-negative bacteria. The complete results of this experiment are shown in Table 2 . To the best of our knowledge this is the first time that the chemical composition and 
The composition of the essential oil was determined by comparison of the MS of each component with Wiley GC/MS library data and also from its retention index (RI). antibacterial activity of the essential oil of M. andicola have been reported.
Antimicrobial activity of essential oils is difficult to correlate with a specific compound due to the oils complexity and variability. It has been mainly explained through C 10 and C 15 terpenes with aromatic rings and phenolic hydroxyl groups, although other active terpenes, as well as alcohols, aldehydes and esters can contribute to the overall antimicrobial effect of the essential oils [7] . However, α-pinene, β-pinene and δ-3-carene, observed at important concentrations in the essential oil of M. andicola, are well known to possess antibacterial activity. Previous investigations have reported activity of these compounds against S. aureus, E. faecalis, E. coli, K. pneumoniae, and P. aeruginosa [8, 9] . Thus, the antibacterial results observed in this investigation are probably related to the presence of these components.
Resistance to antimicrobial agents has become an increasingly important and pressing global problem [10] . During the last few years, probably due to the increasing development of drug resistance to human pathogenic organisms, as well as the appearance of undesirable side effects of certain antibiotics, antimicrobial properties have been reported more frequently in a wide range of plant extracts, essential oils and natural products in an attempt to discover new chemical classes of antibiotics that could resolve these problems [11] . Thus, the broad spectrum of antibacterial activity of M. andicola essential oil against pathogenic bacteria such as S. aureus, K. pneumoniae, E. faecalis, P. aeruginosa and E. coli at low concentrations (MIC values ranging from 10 to 150 μg/mL), offers an option to the Pharmaceutical Industry for new natural medicinal sources with activity against those bacterial strains that represent an important public health problem. phenylmethyl polysiloxane fused-silica capillary column (AT-5, Alltech Associates Inc., Deerfield, IL), 60 m x 0.25 mm, film thickness 0.25 μm was used for the GC analysis. The initial oven temperature was 60°C; this was then raised to 260°C at 4°C/min, and the final temperature maintained for 20 min. The injector and detector temperatures were 200°C and 250°C, respectively. The carrier gas was helium at 1.0 mL/min. The sample was injected using a split ratio of 1:100. Retention indices were calculated relative to C 8 -C 24 n-alkanes, and compared with values reported in the literature [12, 13] .
Experimental

Gas chromatography-mass spectrometry:
The GC-MS analyses were carried out on a Hewlett Packard GC-MS system, Model 5973, fitted with a 30 m long, cross-linked 5% phenylmethyl siloxane (HP-5MS, Hewlett Packard, USA) fused-silica column (0.25 mm, film thickness 0.25 μm). The source temperature was 230°C, the quadrupole temperature 150°C, and the carrier gas helium, adjusted to a linear velocity of 34 m/s. The ionization energy was 70 eV, and the scan range 40-500 amu at 3.9 scans/s. The injected volume was 1.0 μL of a 2% dilution of oil in n-heptane. A Hewlett-Packard ALS injector was used with a split ratio of 1:100. The identification of the oil components was based on a Wiley MS Data Library (6 th Ed), followed by comparisons of MS data with published literature [13] .
Microbiological analysis
Bacterial strains: Staphylococcus aureus (ATCC 25923), Enterococcus faecalis (ATCC 29212), Escherichia coli (ATCC 25992), Pseudomonas aeruginosa (ATCC 27853) and Klebsiella pneumoniae (ATCC 23357) were used in this study.
Antimicrobial assay: The antimicrobial assay was carried out according to the disc diffusion method described by Rondón et al. [14] . The strains were maintained in agar conservation at room temperature. Every bacterial inoculum (2.5 mL) was incubated in Mueller-Hinton broth at 37ºC for 18 h. The bacterial inoculum was diluted in sterile 0.85% saline to obtain turbidity visually comparable to a McFarland Nº 0.5 standard (10 6-8 CFU/mL). Every inoculum was spread over plates containing Mueller-Hinton agar and a filter paper disc (6 mm in diameter) saturated with 10 μL of essential oil. The plates were left for 30 min at room temperature and then incubated at 37ºC for 24 h.
The inhibitory zone around the disc was measured and expressed in mm. A positive control was also used to check the sensitivity of the tested organisms using: Amikacin® (30 μg), Amplicillin® (10 μg) and Piperacilin® (100 μg). The minimal inhibitory concentration (MIC) was determined only with microorganisms that displayed inhibitory zones. MIC was determined by dilution of the essential oil in dimethylsulfoxide (DMSO) and pipetting 10 μL of each dilution onto a filter paper disc. Dilutions of the oil within a concentration range of 9-200 μg/mL were utilized. MIC was defined as the lowest concentration that inhibited the visible bacterial growth [15] . A negative control was also included using a filter paper disc saturated with DMSO to check possible activity of this solvent against the bacteria assayed. The experiments were repeated at least twice.
